Introduction

27
Grand challenges are increasingly becoming the focus of policymakers at various levels: it is in 28 particular advocated by supranational organisations such as the OECD and the European Union (EU), 29 but is gradually also taken on board by local and regional authorities (Cagnin, Amanatidou and 30 Keenan 2012). In a European context, the Lund Declaration (2009) played a key role in highlighting 31 the importance of finding solutions to problems associated with ageing societies, pandemics, public 32 health, security, global warming and the increasingly difficult access to sources of energy, water and 33 food. Since then, grand challenges have progressively become a policy discourse, most often 34 associated with the need for development and diffusion of innovation. Attention for grand 35 challenges has even found its way into EU's new 2020 growth strategy which emphasises the 36 importance of "exploring new development paths to generate smart, sustainable and inclusive 37
growth … Various long-term challenges such as globalization, pressure on natural resources and an 38 ageing population are intensifying. If we are to adapt to this changing reality, Europe can no longer 39 rely on 'business as usual" (European Commission 2013, p. 3). 40
Some consider this orientation towards grand challenges as a new wave of mission-oriented 41 innovation policy that substitutes, or at least complements a previous, more generic concern with 42 innovation policy as an engine of economic growth (Gassler, innovation, open up for contestation, both with respect to policy aims and means, and involve new 52 interest groups. As a result, it stresses the importance of directionality, resistance and contestation in 78 (radical) innovation processes. The most well-known examples of such socio-technological transitions 79 concern low-carbon transition in fields of energy and transport. 80
Thus, while research from a socio-technical perspective is very relevant to policymaking on the topic 81 of grand challenges, we would argue that this is also the case for economic geography research. 82
Innovation and innovation policy has been a topic of central concern for economic geographers 83 Further, so far, economic geography has paid scarce attention to innovation for transformative 93 change (see below) and primarily only in relation to sustainability transitions (see Hansen and 94 Coenen 2015 for a review). Unfortunately, lack of engagement with an emerging topic of central 95 importance to current policy discussions appears to be a general tendency among economic 96 geographers. As argued by Dicken (2004) , economic geography has a propensity to 'miss the boat'; 97 for instance, it has only been of marginal importance in policy debates in relation to processes of 98 globalisation and simply lacks visibility and voice among policymakers, despite being centrally placed 99 to inform policy on the topic. As argued by Glasmeier In light of this lineage, this paper, firstly, considers how insights from the literature on the economic 107 geography of innovation can improve researchers' and policymakers' understanding of the potential 108 for innovation policies to address grand challenges and, secondly, identifies research areas that push 109 economic geographers to consider transformative change and thereby go beyond their existing 110 understanding of innovation and innovation policy. This is important in preventing grand challenge 111 policies from being spatially blind or failing to consider the place-based multiplicity in possible 112 development paths. Before turning to these issues, however, the rationale for and focus of 113 innovation policies are briefly considered. 114
Innovation policy -from structural to transformational failures Conceptualising transformative change as a question of system failures could be considered 179 somewhat mechanistic from a socio-technical transitions literature perspective, which has 180 elaborated extensively on the requirements for institutional transformation. However, we argue that 181 this framework is very valuable in describing some key aspects of transformative change in a manner 182 which is accessible to policymakers in the field of innovation. Furthermore, as noted in the 183 introduction, economic geographers appear to be rather slow to address emerging topics of central 184 importance to current policy discussions; thus, it may be particularly useful for researchers from this 185 field to take a point of departure in the systems failure framework. Therefore, in the following 186 section we will review and discuss how studies in economic geography on innovation, often 187 conducted in regional contexts, relate to and inform the above 'system failure' rationales for 188 innovation policy. 189
Economic geography and innovation Implications for studying grand challenges 321 So why would this body of work help us to understand ways of addressing grand challenges? We 322 argue that the features that make these challenges challenging have a lot in common with the 323 difficulties experienced in innovation processes when combining knowledge in new and useful ways. 324
Grand challenges, whether it concerns climate change or healthy aging, are by nature multi-325 dimensional and multi-disciplinary and therefore require collaboration between many stakeholders. 326
This implies that solutions to address such challenges are not just about technological advancements, 327 but also about diffusion, modification and co-production of innovations by different actors and 328 organisations. This is where the geography of innovation is able to contribute. Here we argue that 329 the innovation system failures identified above help to identify the roots of the problems associated 330 with grand challenges and suggest ways for policy to cope with these challenges. 331
Infrastructural failures, referring to physical as well as knowledge infrastructures, can manifest in 332 grand challenges in terms of the absence or weakness of connectivity between relevant actors. In 333 particular when these actors are not found in the region, improved physical connectivity between 334 regions is important and the above-mentioned investments in transport infrastructures are justified 335 for plugging into global networks of production and innovation. In addition, universities, research 336 laboratories, testing facilities, and other organizations that are part of a region's knowledge 337 infrastructure (although they are only a subset of stakeholders involved in addressing grand 338 challenges) provide vital resources and connections to other stakeholders inside and outside the 339 region. This relates closely to capability failures. While the grand challenges do not confine 340 themselves geographically, we find that the potential for solutions depends heavily on local 341 availability of skills and firm competencies, absorptive capacities and regional culture. such diverse stakeholders -and the lack of organisational and institutional proximity that is likely to 361 be associated with such diversity -geographical proximity is an asset. This is particularly important in 362 combination with the high degree of complexity (in the context of innovation projects) that 363 characterises our grand challenges. 364
Of greatest significance when dealing with grand challenges, however, are institutional failures. The increasing emphasis on grand challenges related to climate change and environmental 398 degradation, ageing societies, public health, security, as well as water and food scarcity pushes 399 economic geographers to go beyond the hitherto dominant focus on innovation as an enabler for 400 economic growth. As pointed out in a critical review of the territorial innovation models (Moulaert 401 and Sekia 2003), the emphasis in these theories is on territorial competitiveness while considerably 402 less attention is paid to the effects of innovations on non-market aspects such as quality of life and 403 sustainability. Addressing grand challenges, and the persistent problems that often underpin these 404 challenges, requires a broader perspective that is not only concerned with structural failures in 405 innovation systems and related policies (in connection to capabilities, networks and a limited set of 406 institutional factors). In addition, more attention should be directed to analyses and policies 407 targeting system transformation and the 'failures' associated with such transformative shifts in 408 production and consumption. 409 Finally, the limited interest in the field of economic geography towards directionality failures, policy 422 coordination failures and reflexivity failures is actually quite paradoxical, since it has been a key 423 objective of many economic geographers to carry out policy relevant research that could inform 424 innovation policymakers, in particular at the regional level. These failure types have in common that 425 they to a large extent relate to the process and politics of policy-making. However, the policymaking 426 process itself has been left largely untouched by economic geographers, who appear to assume that 427 (or, at least, have not questioned if) this takes place in rational and seemingly technocratic ways. 428
In closing, it is worth emphasising that the dimensions of grand challenges we discussed in this 429 
